ABSTRACT
A cute basilar artery occlusion (BAO) is associated with a very poor outcome and has the highest mortality rate among intracranial large-vessel occlusions. 1, 2 In a prospective, observational study (BASICS [Basilar Artery International Cooperation Study]), 27 patients were treated conservatively because the patients were either comatose (n ϭ 26) or tetraplegic (n ϭ 1) at the time of presentation; 96.3% (26/27) of these patients died, and the 1 remaining patient had an mRS score of 5 at 1 month. 2 Clinical outcomes were unsatisfactory, even when patients with acute BAO were treated with intravenous or intra-arterial (IA) pharmacologic thrombolysis. A systematic analysis including 420 patients showed that the rates of death or dependency were 78% (59/76) in patients treated with IV thrombolysis and 76% (260/344) in those treated with IA thrombolysis. 3 In the past few years, the introduction of stent-type clot removal devices (stent retrievers) have initiated a new era in endovascular stroke therapy. Two randomized, controlled trials and many case series showed that stent retrievers can achieve a high rate of successful recanalization of up to 90%, thus improving the clinical outcome in patients with acute intracranial large-vessel occlusion. [4] [5] [6] [7] [8] [9] [10] [11] Most studies were focused on anterior circulation stroke. The efficacy of stent retrievers for treating acute BAO was reported in several recent case series. [12] [13] [14] These previous studies used a longer time window of up to 24 hours for mechanical thrombectomy in patients with acute BAO. However, BASICS showed that early recanalization therapy in patients with acute BAO is associated with a more favorable outcome, and all patients with severe stroke treated Ͼ9 hours after symptom onset had poor functional outcome despite IV or IA thrombolysis. 15 In this regard, the use of mechanical thrombectomy with a stent retriever within a shorter time period from symptom onset would increase the patient's chances for a good functional outcome and decrease the mortality rate in patients with acute BAO, but this has not yet been studied. The aim of this study was to evaluate the efficacy and safety of mechanical thrombectomy with a stent retriever (Solitaire; Covidien, Irvine, California) as a first-line endovascular therapy within 8 hours of stroke onset in patients with acute BAO.
MATERIALS AND METHODS

Patients
Since December 2010, we prospectively collected data of patients with acute ischemic stroke treated with mechanical thrombectomy. The clinical and angiographic data for 25 patients who underwent mechanical thrombectomy with the Solitaire stent for acute BAO were identified from this data base between December 2010 and December 2012. During this period, a total of 133 consecutive patients with acute ischemic stroke caused by intracranial large-artery occlusion were treated with mechanical thrombectomy by use of the Solitaire stent as first-line endovascular therapy. The institutional ethics committee approved this retrospective analysis and waived informed consent on the basis of study design.
On admission, all patients were evaluated by a stroke neurologist and assessed by means of the NIHSS. All patients underwent an initial imaging protocol that included non-enhanced CT scan and multimodal MR imaging. The inclusion criteria for endovascular treatment were as follows: 1) baseline NIHSS score Ն4; 2) no intracerebral hemorrhage detected on the cranial CT or MR imaging; 3) BAO detected with MR angiography and conventional angiography; 4) no bilateral diffuse pontine ischemia on the DWI; and 5) the start of the procedure within 8 hours after symptom onset. IV rtPA (0.9 mg/kg) was administered in patients presenting within 4.5 hours from symptom onset. Subsequent endovascular treatment as a rescue therapy was considered within 1 hour of IV rtPA in patients with no neurologic improvement, defined as a NIHSS score unchanged from baseline or a worsening neurologic deficit.
Endovascular Treatment
All endovascular therapy was performed by 1 interventional neuroradiologist with 10 years of experience in neurovascular intervention. Written informed consent for endovascular therapy was obtained from a family member of all patients. Cerebral angiography and endovascular therapy were performed by means of a femoral approach under conscious sedation. In cases of agitation, an IV bolus of midazolam was given and repeated if necessary. After an arterial occlusion was demonstrated with diagnostic angiography, a diagnostic catheter was exchanged for a 6F or 7F guide catheter, which was placed in the most accessible or dominant vertebral artery. A balloon guide catheter was not used in any patient.
In all patients, mechanical thrombectomy with a Solitaire stent, which was 4 mm in diameter and 20 mm long, was used as a first-line endovascular treatment method. A microcatheter with a 0.021-inch internal diameter was navigated distal to the clot over a 0.014-inch microwire. The Solitaire stent was then introduced through the microcatheter and fully deployed across the occluded segment. After the stent was maintained in place for 1-3 minutes, the fully deployed stent and the delivery microcatheter were slowly pulled back together and withdrawn outside the body through the guide catheter. During clot retrieval, continuous manual aspiration with a 50-mL syringe at the guide catheter was performed. After removal of the Solitaire stent and microcatheter, another 10 mL of blood was aspirated from the guide catheter to prevent re-embolization of a vagrant clot. A control angiogram was performed to assess the recanalization status and possible distal embolic events. If recanalization was unsuccessful, the procedure was repeated. A maximum of 5 retrieval attempts was allowed.
When Solitaire thrombectomy was unsuccessful, additional rescue endovascular procedures were performed, including forced suction thrombectomy by use of a reperfusion catheter (Penumbra, Alameda, California) or aggressive mechanical clot disruption and IA urokinase infusion. The details of the technique for aggressive mechanical clot disruption have been described previously. 16 If an underlying atherosclerotic stenosis was revealed during the procedure, balloon angioplasty with or without stent placement was performed after the Solitaire thrombectomy. During the procedure, heparin or glycoprotein IIb/IIIa inhibitor was not administered-IV or IA-in any patient. Patients who underwent intracranial angioplasty with or without stent placement received aspirin and clopidogrel (Plavix) for at least 3 months after the procedure. After the procedure, patients were admitted to an intensive care unit. All patients underwent nonenhanced CT scans immediately following and 24 hours after endovascular therapy. The start of endovascular therapy was defined as the moment the needle punctured the common femoral artery. Recanalization status was assessed on the final angiogram and classified according to the modified TICI scale. 17 Successful recanalization was defined as a TICI grade of 2b or 3. Assessment of angiographic images was performed by the consensus of 2 experienced neuroradiologists who were blinded to the procedure.
Outcome Measures
For all patients, we analyzed medical records to determine age, sex, risk factors, stroke subtype according to the Trial of Org 10172 in Acute Stroke Treatment classification, baseline NIHSS score, use of IV rtPA, time to IV rtPA and endovascular therapy, duration of the procedure, presence or absence of symptomatic hemorrhage, recanalization status, procedure-related vessel perforation and dissection, NIHSS score at discharge, and clinical outcome. Symptomatic hemorrhage was defined as a parenchymal hematoma that caused a mass effect on CT scans, with clinical deterioration defined as a Ն4-point increase in the NIHSS score or a 1-point deterioration in the level of consciousness. Vessel perforation was defined as obvious angiographic contrast extravasation that occurred during the procedure. Arterial dissection was defined as an identifiable intimal flap on the control angiogram obtained after mechanical thrombectomy. Neurologic evaluation was performed immediately by a stroke neurologist, 24 hours and 3 months after treatment, when any change occurred in clinical symptoms, and before the patient was discharged. Clinical outcome was assessed by means of the mRS by a stroke neurologist 3 months after treatment. Good clinical outcome was defined as an mRS score Յ2.
Statistical Analysis
Statistical analyses were performed with the use of SPSS software (Version 19.0; IBM, Armonk, New York). The relationship between the characteristics and 3-month clinical outcome was determined by bivariate analysis. The 2 test was used for categoric variables and the Mann-Whitney U test for continuous variables. A value of P Ͻ .05 was considered significant.
RESULTS
Data from 25 patients (14 men and 11 women) were analyzed. Baseline patient characteristics according to clinical outcome are shown in the Table. Twenty-three patients had BAO only, and 2 patients had long segment occlusion from the distal intracranial segment of the vertebral artery to the basilar artery.
The median NIHSS score on admission was 11, with scores ranging from 3-25. The median time from symptom onset to endovascular therapy was 285 minutes (range, 110 -470 minutes), the median procedure time was 30 minutes (range, 13-100 minutes), and the median time to recanalization was 310 minutes (range, 132-560). IV rtPA was administered in 6 patients (24%) before mechanical thrombectomy.
Successful recanalization was achieved in 96% (24/25) of patients, and complete recanalization (TICI grade 3) occurred in 76% (19/25) of patients. Successful recanalization with the Solitaire thrombectomy alone was achieved in 84% (21/25) of patients. In this study, rescue treatment was needed in 4 patients after Solitaire thrombectomy failed. One patient (patient 1) received aggressive mechanical clot disruption and low-dose IA urokinase infusion after unsuccessful Solitaire thrombectomy. Urokinase (80,000 IU) was given as a single bolus injection in this patient. Three patients (patients 10, 20, and 23) received forced suction thrombectomy with the Penumbra reperfusion catheter.
Additional successful recanalization occurred in 3 of 4 patients who underwent rescue treatments. Three patients who underwent rescue forced suction thrombectomy with Penumbra reperfusion catheter achieved complete recanalization (TICI grade 3). One patient failed to achieve successful recanalization after aggressive mechanical clot disruption and IA urokinase infusion, and the patient's final recanalization grade was TICI 2a.
Six patients (24%) had underlying atherosclerotic stenosis in the distal intracranial vertebral artery (n ϭ 3), basilar artery (n ϭ 2), or both the distal vertebral and basilar arteries (n ϭ 1). In these 6 patients, angioplasty, with or without stent placement, was performed to treat underlying stenosis after successful recanalization with a Solitaire thrombectomy. Of these 6 patients, 4 patients received angioplasty with stent placement and 2 patients received angioplasty alone. No angioplasty-related complication occurred in these 6 patients.
No patient had symptomatic hemorrhage during their hospital stay. At discharge, the NIHSS score was improved (decrease Ն4 points) in 15 patients (60%; range, 0 -24; median, 4). At the 3-month follow-up, 12 patients (48%) showed a good clinical outcome. Eighty percent (12/15) of patients with hypertension had a poor clinical outcome and 90% (9/10) of those without hypertension had a good outcome; this difference was statistically significant (P ϭ .001). Median NIHSS scores on admission (9.5 versus 14, P ϭ .005) and at discharge (2 versus 9, P ϭ .003) were significantly lower in patients with a good outcome than in those with a poor outcome. Other variables including age, sex, risk factors other than hypertension, stroke subtype, time to treatment, and procedure time were not statistically associated with a good clinical outcome. There was a good outcome in 50% (3/6) of patients who received a Solitaire thrombectomy after failed IV thrombolysis and in 47% (9/19) of those who received a Solitaire thrombectomy as an initial treatment (P ϭ .910). The median time from symptom onset to endovascular therapy tended to be shorter in patients with a good clinical outcome than in those with a poor clinical outcome (270 versus 313 minutes, P ϭ .301). Procedure-related complications occurred in 2 patients (8%). There was 1 vessel rupture unrelated to the Solitaire device. Active contrast extravasation caused by perforation of the thalamoperforating artery by a microwire was observed in 1 patient (patient 16). This patient exhibited a localized hematoma in the left paramedian thalamus, which was resolved on follow-up CT and had no neurologic worsening. One patient (patient 14) had SAH on the immediate posttherapeutic CT scan. This patient exhibited no postprocedural neurologic deterioration or associated symptomatic parenchymal hemorrhage. There were no device-related complications. The mortality rate was 12% (3/25) at 3 months. Two patients died 10 and 18 days after stroke onset because of extensive brain stem infarction. One patient with mRS score of 5 at discharge died 90 days after an initial stroke because of pneumonia.
DISCUSSION
The present study demonstrates that mechanical thrombectomy by use of the Solitaire stent within 8 hours of stroke onset in acute BAO is associated with increased rates of both good outcome and survival compared with previous studies. In our study, 88% (22/ 25) of patients survived for 3 months, and more than half of the survivors (55%, 12/22) had a good outcome.
There are still only a few studies that have investigated the clinical results of mechanical thrombectomy with stent retrievers in patients with acute BAO. [12] [13] [14] In contrast to our study, these previous studies included patients treated within 24 hours of stroke symptom onset. In a series of 14 patients treated with a Solitaire thrombectomy, Mordasini et al 12 reported that 28.6% (4/14) had a good outcome (mRS 0 -2), and the mortality rate was 35.7% (5/14) . In their study, a Solitaire thrombectomy was not the first-line endovascular treatment, and the median time from symptom onset to first angiogram was 414 minutes (range, 176 -1440 minutes). Espinosa et al 13 reported a series of 18 patients with acute BAO who were directly treated with mechanical thrombectomy with either the Solitaire stent (n ϭ 10) or the Trevo stent (n ϭ 8). In their study, good functional outcome (mRS 0 -2) was achieved in 50% (9/18), the mortality rate was 22.3% at 3 months, and time from symptom onset to groin puncture was 366 minutes. Most recently, in a series of 31 patients treated with Solitaire thrombectomy as the first-line endovascular treatment, Mourand et al 14 reported that 35% (11/31) had a good outcome, the mortality rate was 32% (10/31), and mean time from symptom onset to recanalization was 512 minutes. This group did not provide data regarding the time to treatment. In comparison with these previous studies, the good outcome rate in our study is among the highest, and the mortality rate is among the lowest. In our study, the median time to treatment was Ͻ5 hours (285 minutes) and the median time to recanalization was Ͻ6 hours (310 minutes). The shorter time window for mechanical thrombectomy could be one of the factors that contributed to the good clinical results obtained in our study. A recent post hoc analysis of the BASICS trial found that early recanalization therapy in patients with BAO was associated with a more favorable outcome with a significantly increased chance of a poor outcome when recanalization therapy was started Ͼ6 hours after symptom onset. 15 In the BASICS trial, 85% of patients who were treated Ͼ9 hours after stroke onset had a poor functional outcome, whereas only 62% of those treated at Յ3 hours had a poor outcome. 15 The results of our study suggest that the same situation also holds true for mechanical thrombectomy with stent retrievers in patients with acute BAO. Several other prognostic factors have been described that predict a good clinical outcome in patients with acute BAO receiving recanalization therapy and include recanalization status, baseline NIHSS score, and the extent of ischemic changes on the pretreatment imaging studies. [18] [19] [20] [21] [22] A systematic review including 316 patients in 10 IA thrombolysis studies found that recanalization was associated with a substantial reduction in mortality rates in patients with acute BAO (mortality rate of 87% in non-recanalized compared with 39% in recanalized patients; P Ͻ .001). 18 The overall recanalization rate of these 10 studies was 64%, with a 56% mortality rate. Recent studies with the use of mechanical thrombectomy with stent retrievers reported significantly increased recanalization rates ranging from 74 -100% in patients with acute BAO. [12] [13] [14] In our study, we achieved successful recanalization (TICI grades 2b to 3) in 96% (24/25) of patients, which is in line with previous reports. Successful recanalization with only the Solitaire stent occurred in 84% (21/25) of patients. This high rate of recanalization might also have contributed to the good results obtained in our study. In a series of 106 patients with BAO treated with IA thrombolysis from 1992-2010, Jung et al 19 found that lower NIHSS score on admission was an independent predictor of good or moderate clinical outcome (mRS 0 -3) (P Ͻ .0001) and survival (P ϭ .012) at 3 months. The results of our study are in line with Jung's study. In our study, the median NIHSS score at admission was significantly lower in patients with a good outcome (mRS 0 -2) than in those with a poor outcome (9.5 versus 14, P ϭ .005). With regard to baseline NIHSS score, the median NIHSS score on admission in our study population was 11, which was lower than those of previous studies. Lower baseline NIHSS score could also be one of the factors that contributed to the good results obtained in our study. The extent of early ischemic changes on pretreatment imaging studies can be used as a prognostic factor of clinical outcome in patients treated with recanalization therapy. [20] [21] [22] Puetz et al 20 showed that the posterior circulation ASPECTS on CT angiography source images predicts good outcome or death within 1 month in the subgroup of the BASICS registry population. Of 158 patients, 23% (18/78) of patients with a posterior circulation ASPECTS Ն8 had a good outcome, whereas 11% (9/80) of those with a posterior circulation ASPECTS Ͻ8 had a good outcome. The mortality rate was 32% (25/78) in patients with a posterior circulation ASPECTS Ն8 and 55% (44/80) in patients with a posterior circulation ASPECTS Ͻ8. We did not assess the extent of early ischemic changes on pretreatment CT or MR imaging in this study.
In our study, rescue treatment was needed in 4 patients (forced suction thrombectomy in 3 and mechanical clot disruption with IA urokinase in 1) after unsuccessful Solitaire thrombectomy. Of these 4 patients, subsequent successful recanalization after a rescue treatment occurred in 3 patients who underwent forced suction thrombectomy with the Penumbra catheter, and 2 of these 4 patients showed a good outcome at 3 months. Therefore, adding suction thrombectomy with the Penumbra device appears to be promising in cases of unsuccessful thrombectomy with the Solitaire stent in patients with acute BAO. The effectiveness of such treatment must be confirmed in future studies. Our study confirms the safety of mechanical thrombectomy with the Solitaire stent in patients with BAO. There was no symptomatic hemorrhage after mechanical thrombectomy in this study, and no vessel rupture or arterial dissections related to the Solitaire device occurred. There was 1 rupture of a perforating artery because of microwire perforation and 1 SAH, neither of which caused postprocedural neurologic deterioration. A recent study suggested that SAH might occur after mechanical thrombectomy with the Solitaire stent because of angiographically occult ruptures of small vessels caused by mechanical stretch during stent retrieval and that this had a benign clinical course. 23 Mordasini et al 12 reported no device-related complications or symptomatic hemorrhage. Espinosa de Rueda et al 13 reported 1 SAH in 18 patients with BAO treated with primary mechanical thrombectomy with the Solitaire stent. They reported a symptomatic hemorrhage rate of 0%, similar to that in our study. In a series of 31 patients with BAO treated with a Solitaire thrombectomy, Mourand et al 14 reported that vertebral artery dissection occurred in 1 patient, and no vessel perforation was observed. They also reported that symptomatic hemorrhage occurred in 16% (5/31) of patients, which is quite frequent compared with other reports. They did not describe the use of rescue treatments, including IA thrombolysis, in their report.
The limitations of our study included the small number of patients and the lack of a control group.
CONCLUSIONS
The current study suggests that a good clinical outcome can be safely achieved in nearly half of patients with acute BAO by use of mechanical thrombectomy with the Solitaire stent if treatment is started within 8 hours of symptom onset. In addition, such treatment can significantly reduce the mortality rate in this subset of patients with acute stroke, who otherwise have an extremely poor prognosis.
